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Air Traffic Delays Are Increasing As 
Traffic Recovers from September 11th

2 Aug 99 AW&ST
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Much Delay Occurs in “Cleveland Corridor”

Aviation Fuel Use 
( >7.0 km altitude)

Source: Bulletin of the American Meteorological Society, Vol. 78, No. 9, September 1997, p.1887.
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Corridor Integrated Weather System (CIWS)
(FAA sponsored program)

Integrates multiple weather sensors to provide regional precipitation, 
precipitation forecast and other products to facilitate air traffic flow.

Integrates multiple weather sensors to provide regional precipitation, 
precipitation forecast and other products to facilitate air traffic flow.
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CIWS Regional Convective Weather Forecast 

• Six level weather: -30 min, -15 min and current
• Level 3 Forecast: +15, +30, +45 & +60 min (mod & high probability)

Level 3 ForecastLevel 3 Forecast Six Level WeatherSix Level Weather
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CIWS Cockpit Weather Display Demonstration
(NASA Glenn WINCOMM)

Tailoring &
Compression

Generic
Data Link

VDL-2
SATCOMM

Weather Products
Regional Precipitation Mosaic
Convective Weather Forecast

Tailoring for cockpit display
Weather-Huffman encoding

Phase I: Ground-based 
demo at NASA Glenn 

Phase I: Ground-based 
demo at NASA Glenn 

Aircraft
NASA 757

Display
PC LaptopCoverage

RegionCIWS ProductsCIWS Products
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Graphical Weather Service (GWS)

• Weather-Huffman encoding scheme developed at Lincoln
– Achieves highly efficient compression with acceptable fidelity

– Flight tested with GA user organizations & being licensed to industry

Precip Map:
Composi te  

N E X R A D  

(2 nm) 
every 5 or 
15 minutes

Centered  on  
VOR or  a i rpor t  

wi th range of  
25, 50, 100 
or  200nm

Text  Weather :

M E T A R
TAF

Graphica l  weather
encod ing  scheme 

compat ible  with

VHF data l ink &
satel l i te broadcast
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HILBERT SCAN STRATEGY

RASTER Scan HILBERT Scan

Hilbert scan tends to produce long runs for regions (ideal for weather)Hilbert scan tends to produce long runs for regions (ideal for weather)
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Weather-Huffman Encoding

 

Hilbert Scan Pattern

320 nmi

Find runlengths for each weather level

Calculate Huffman 
codes

Iteratively 
filter & resample
to meet bit limit

Input Weather Image

Output
compressed 

image

Encoding can be lossless or lossy (depending on bit limit)Encoding can be lossless or lossy (depending on bit limit)
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Uncompressed 1024 x 1024 Image (~3,000,000 bits)
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Weather-Huffman Lossless Compression (~88,000 bits)
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Weather-Huffman Lossy Compression (35,000 bits)
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System Block Diagram
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NASA Glenn Demo Setup

Sunblade 100 Unix Workstation Kontron FW5000 PC Laptop

Ground Station Airborne Display

CIWS
Testbed

Ground
Station

(ciws_rtdc)

Main
control
window

CIWS
data

window

Airborne
Display

(ciws_pc)

Airborne
Display
window

Broadcast message
2048 x 2048 km
2 km resolution

Request/reply message
1024 x 1024 km
1 km resolution

Generic Data
Link Interface

(GDLI)
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Generic Data Link Interface (GDLI)

HDLC 
Frame

Synch 
Flag

Synch 
Flag

Source & 
Destination 

Address 

Link 
Control Payload

Frame 
Check

CIWS 
APDU

APDU 
Header

CIWS Product 
Information

APDU 
Header

FIS-B 
Identifier

Product 
Descriptor

UTC 
Time/Date

Segmentation 
Data  

(optional)

Padding 
(Byte Align)

 
Product 

Descriptor

Product 
Identifier

Compression 
Method 

(optional)

Geographic 
Reference 

Method 
(optional)

Geo-locator 
(optional)

CIWS 
Product First (perhaps only) APDU of Product Added APDUs 

in Product

HDLC
Frame

Designed to support both broadcast and request/reply data links.Designed to support both broadcast and request/reply data links.

Uplink 
message
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Broadcast Message (2km resolution)

Select Current
Precipitation

Select Current
Precipitation

Select Broadcast
Message Mode

Select Broadcast
Message Mode
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Request/Reply Message (1km resolution)

Select Real-time
Update Mode

Select Real-time
Update Mode

Select Request/
Reply Mode

Select Request/
Reply Mode
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Precipitation Forecast

Moderate Probability 
of Level 3+  Weather 

in 15 minutes

Moderate Probability 
of Level 3+  Weather 

in 15 minutes

Select 15 minute
Precip. Forecast
Select 15 minute
Precip. Forecast
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Airport Selection Options

Airport Code
Cleveland, OH CLE
Buffalo, NY BUF
Columbus, OH CMH
Cincinnati, OH CVG
Dayton, OH DAY
Detroit, MI DTW
Indianapolis, IN IND
Chicago Midway MDW
Milwaukee, WI MKE
Chicago O’Hare ORD
Pittsburgh, PA PIT

Airport Code
Cleveland, OH CLE
Buffalo, NY BUF
Columbus, OH CMH
Cincinnati, OH CVG
Dayton, OH DAY
Detroit, MI DTW
Indianapolis, IN IND
Chicago Midway MDW
Milwaukee, WI MKE
Chicago O’Hare ORD
Pittsburgh, PA PIT

Weather Display 
Scroll Bars

Weather Display 
Scroll Bars
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Movie Loop Capability
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Lossless Compression Results
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Latency vs. Data Rate
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Summary

• CIWS testbed provides regional precipitation & convective 
weather forecast products for high-traffic “Cleveland Corridor”

• Providing CIWS products to aircraft would aid pilot awareness of
current & forecasted weather to improve safety & reduce delays

• Weather-Huffman compression technique works well on CIWS 
precipitation & forecast products (>18:1 lossless compression)

• Generic interface developed to transparently support broadcast 
& request/reply data links

• Airborne display developed for ruggedized laptop PC using 
X/Motif.

• Next phase: install in test aircraft with VDL-2 and/or SATCOMM


